Analysis of restriction fragment length polymorphisms in the genome of Mycobacterium tuberculosis (DNA fingerprinting) has proved to be a useful epidemiological tool in the study of tuberculosis within populations or communities. However, to date, no similar method has been developed to study the epidemiology of nontuberculous mycobacteria (NTM). In this communication, we report that a simple oligonucleotide repeat, (GTG) 5 , can be used to accurately genotype all species and strains of NTM tested. We suggest that this technology is an easily applied and accurate tool which can be used for the study of the epidemiology of NTM.
Diseases caused by Mycobacterium tuberculosis are becoming an increasing problem worldwide, suggesting shortcomings in our understanding of them. DNA fingerprinting has been shown to be a useful tool for the study of the epidemiology of diseases caused by M. tuberculosis (1, 21) . It pinpoints with great accuracy the strain of the organism causing disease in a given individual, allowing tracing of the spread of that strain through a community with a precision not previously possible (1, 3, 5, 10) . This has implications for programs aimed at limiting the spread of tuberculosis.
With the resurgence of mycobacterial disease that is accompanying the human immunodeficiency virus (HIV) pandemic, infection with nontuberculous mycobacteria (NTM) (this term encompasses all mycobacteria other than those in the M. tuberculosis complex [9, 25] ) is also becoming an increasing problem. The incidence of disease due to NTM in immunocompetent populations in various parts of the world varies between 0.9 and 2.0/100,000 (5, 10, 19) , with Mycobacterium avium complex (MAC) organisms, Mycobacterium kansasii, and Mycobacterium xenopi being the NTM organisms most commonly associated with disease in several countries (10) . In contrast, the incidence of MAC bacteremia in patients with advanced HIV infection has been found to be as high as 43% (43,000/100,000) (2) . In addition to the classical NTM pathogens, even organisms such as Mycobacterium gordonae may cause significant disease in persons with advanced HIV infection (17) .
The epidemiology of NTM infections is, as yet, not well understood, and there is still speculation concerning the sources of NTM infection (5, 16) . This is perhaps due to the relative rarity of these infections in the past and the paucity of tools available with which to accurately determine the epidemiology. Person-to-person transmission of NTM is thought to occur only rarely (5, 16) ; inhalation or ingestion of organisms from the environment is thought to represent the source of most infections (2, 5) , since many species of NTM are ubiquitous in the environment (5, 7, 15) . Clusters of cases thought to be due to a common source of NTM have previously been identified, but there has been no definitive evidence to support this other than the culture of the same species of mycobacterium from a purported common source and from various patients (5, 16) . The identification of strains of a given species would support claims that clustered cases of disease caused by a given organism are contracted from the same source and would help to improve the (as yet) poorly understood epidemiology of NTM infections.
Methods available to type various NTM are limited. These include phage typing (7) and DNA fingerprinting by analysis of restriction fragment length polymorphisms (RFLP) and analysis of large restriction fragment patterns. The utility of DNA fingerprinting of NTM has been limited by the absence of a useful polymorphic insertion sequence in the genome of NTM, such as the one most commonly used as a probe to fingerprint M. tuberculosis, IS6110 (23) . Other insertion sequences (including IS1081, IS900, IS901, and IS1245) and various DNA fragments have been reported to be useful as probes for DNA fingerprinting of isolated species of NTM (4, 11, 12, 14, 16, 20, 22, 23) . However, either the sequences identified by these FIG. 1. DNA fingerprints generated with (GTG) 5 on sets of identical NTM specimens (duplicate cultures). Each set of specimens (lanes 1 to 3, 4 to 6, 7 and 8, 9 and 10, and 11 to 13) represents different cultures generated simultaneously from the same clinical specimen. Specimens were fingerprinted at the same time, 6 months after the initial cultures were generated. Lane X contains standard-size DNA marker X. Numbers to the right are the sizes (in base pairs) of fragments. G, M. gordonae; A, MAC. probes have been found to be absent from clinically important NTM or the probes were not studied or usable with other NTM. No single method has yet been shown to identify strains of a large variety of NTM (clinically important or otherwise).
There are currently two possible, relatively simple solutions to this dilemma. DNA fingerprinting of NTM by analysis of large restriction fragment patterns generated by restriction enzyme digestion and pulsed-field gel electrophoresis has been described (6, 13, 18, 24) . Genetic relatedness of strains involved in some outbreaks of disease has been demonstrated by this method, and the source of infection has been traced, e.g., to water sources (24) . While potentially valuable as a tool to study the epidemiology of NTM infections, this method has so far been applied to only a very limited number of NTM species. Furthermore, it is dependent on complicated apparatus and the isolation of intact genomic DNA to generate large restriction fragments, which can be problematic with NTM (24) .
RFLP analysis done by probing HinfI-digested DNA with the oligonucleotide (GTG) 5 has been found to be useful for M. tuberculosis strain identification (27) . The aim of the study described here was to determine the ability of the oligonucleotide (GTG) 5 to differentiate among strains and species of NTM.
Hybridization of (GTG) 5 to NTM DNA digested with HinfI reproducibly generated a polymorphic pattern. While the pattern generated did not allow species identification, the technique was able to reproducibly differentiate among strains of all NTM species tested. The results suggest that this probe could enrich the study of the epidemiology of NTM.
MATERIALS AND METHODS Mycobacteria. Specimens used were either slant cultures of NTM or DNA extracted from NTM. Slant cultures were obtained from the South African Institute for Medical Research (SAIMR) in Cape Town, South Africa. A number of NTM DNA specimens were a gift from the laboratory of J. van Embden (Rijks Instituut voor Volksgesondheid en Milieuhygiene, Bilthoven, The Netherlands). NTM were biochemically classified at SAIMR or in The Netherlands. Ninety specimens, representing 29 species and 3 subspecies, were analyzed (Table 1) . Of the 90 specimens, 48 were clinical isolates and 42 were standard NTM. Some of the clinical isolates were obtained as sets of two or three cultures, all generated at the same time from one clinical specimen (duplicate cultures). Serial cultures were made from other clinical isolates by subculturing NTM each week for 9 weeks.
Isolation of DNA. Bacterial cells were isolated from slant cultures as previously described (27) . After the tube was shaken, lysozyme was added to a final concentration of 3 mg/ml and the tubes were incubated at 37°C for 2 h. Proteinase K (Merck) was then added to a final concentration of 120 g/ml, and incubation was continued overnight at 45°C. DNA was recovered after phenol extraction and ethanol precipitation (27) . 5 with 32 P was done by the polynucleotide kinase method as described elsewhere (8, 15, 27) . Filters were prehybridized for 6 h at 45°C with 20 ml of a solution containing 5ϫ SSPE, 5ϫ Denhardt's solution, 0.2% sodium dodecyl sulfate, and 0.5 mg of Escherichia coli DNA (sonicated and heat denatured). Membranes were hybridized at 45°C overnight in 10 to 15 ml of fresh solution (as described above) containing 5 pmol of radiolabelled (GTG) 5 . Postwashes were carried out in 250 ml of 5ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate)-0.1% sodium dodecyl sulfate and repeated three times at room temperature. Membranes were autoradiographed at Ϫ70°C with Cronex-4 X-ray film.
Analysis of DNA fingerprints. All visible bands on the autoradiograph were traced onto a transparency, which was then scanned. Small-molecular-size fragments (Ͻ1,018 bp) were excluded from analysis due to the high complexity of bands in this region. Analysis of the bands was confined to those falling between 1,018 and 8,144 bp. Using a smaller size range led to artificially high relatedness indices, while a larger range was not found to materially affect the results obtained.
Transparencies were scanned with a Hewlett-Packard ScanJet II cx/T, and RFLP patterns were analyzed with GelCompar 3.1b software (Applied Maths, Kortrijk, Belgium).
RESULTS
DNA fingerprinting and reproducibility. The results of fingerprinting the sets of duplicate cultures are shown in Fig. 1 . These results show that while fingerprint patterns differed among sets of cultures, they were identical within a set of cultures. The results also show that a usable DNA fingerprint can be generated by this technique.
Genomic stability. In order for this technique to be useful, the region of the genome probed for by (GTG) 5 must be sufficiently stable that like strains can be identified at least months apart. In order to confirm that genomic instability did not invalidate the method, cultures that had been serially passaged weekly for 9 weeks were fingerprinted. No changes in fingerprints were detected (Fig. 2) .
In all 90 NTM specimens subsequently fingerprinted, polymorphic patterns comprising large numbers of DNA fragments and representing elements detected by radiolabelled (GTG) 5 were generated ( Fig. 3 and 4) .
The results of DNA typing of standard laboratory strains of NTM are shown in Fig. 3 . Genomic polymorphism is evident in all species. Note, however, the similar fingerprints of the specimens in lanes 6 and 7, both of which are M. avium.
The results of DNA typing of clinical isolates of NTM are shown in Fig. 4 . There is extensive polymorphism among most specimens, yet identical fingerprints were obtained from the specimens in lanes 5 and 9, and the specimen in lane 10 was similar to these two. All are MAC organisms. No clinical data was available to identify possible contacts between the individuals from whom these cultures were obtained. It is possible that all three individuals were colonized from a common source or that the specimens were contaminated in the laboratory. The latter scenario is unlikely, since not all specimens were processed on the same day and since other specimens processed on the same days as these three contain genetically distinct MAC and other species.
A limited number of NTM cultures arising from specimens from prison inmates have been obtained and fingerprinted by this method (Fig. 5) . The only species found more than once for one prison in this sample is the nonpathogenic M. gordonae, and the three isolates of this species are clearly not the same genetically.
Differentiation of NTM from M. tuberculosis. This method has previously been used to type M. tuberculosis strains (27) . In all M. tuberculosis strains tested, a series of high-molecularweight polymorphic fragments and a series of essentially invariant low-molecular-weight fragments were obtained (27) . No consistent subset of DNA fragments allowing species identification could be detected within any given NTM species, but differentiation from M. tuberculosis was possible.
DISCUSSION
Central to any DNA fingerprinting method is the requirement that the genomic elements detected be at the same time polymorphic among genomes and yet stable within a given genome. Polymorphic RFLP patterns were detected in all 90 NTM specimens tested. Stability of the elements detected by (GTG) 5 in vitro is suggested by the fact that two or three separate cultures generated from the same clinical specimen (duplicate cultures) still had identical fingerprints 6 months after the initial cultures were generated (Fig. 3) and no changes in fingerprints generated from other specimens after serial passaging (serial cultures) (Fig. 2) were noted. However, as no environmental pressure was exerted on these organisms during culture, this does not exclude the possibility of in vivo genomic changes. The method provides reproducible and apparently stable data when used on identical isolates and yet has been able to distinguish genetically among all NTM studied up to the present. The results show that this method can be used to strain-type NTM, and thus it is potentially suitable for use as a tool in the study of the epidemiology of NTM. It provides a strain-typing tool for NTM with a spectrum of activity and an ease of use not previously described in the literature.
This method cannot be used to identify species of NTM. The natures of the genomic elements to which the oligonucleotide (GTG) 5 hybridizes are currently unknown and are under investigation in this laboratory. Restriction endonucleases other than HinfI have been investigated to some extent (26) . The enzymes used generated noninformative data, however. It is nevertheless possible that other enzymes which generate fewer (GTG) 5 -containing fragments may be found. This may yield an increased signal-to-noise ratio, which will be easier to analyze, as well as RFLP patterns which may allow species identification.
Given that a cure for HIV infection is unlikely to be found in the near future, measures to improve the quality of life of HIV-infected individuals will have to address prevention of opportunistic infections. More accurate epidemiological studies of NTM infections are important if measures to reduce disease caused by these organisms are to have an impact on the quality of life of HIV-infected individuals in particular. Having a tool which can accurately identify a strain of a given species of NTM would also allow puzzling phenomena (such as the very low incidence of disease caused by NTM in persons with AIDS in Africa in comparison to their counterparts in North America and Europe, despite the ubiquitous occurrence of these organisms in the environment) to be addressed in greater depth. More accurate definition of the clinically important sources of NTM will allow better study of problems such as those mentioned above.
